Mast cells have a variety of physiological and pathological functions through the production of several cytokines, chemokines and chemical mediators. The fibrogenic role of mast cells in idiopathic pulmonary fibrosis, 1) neurofibroma 2) and cutaneous fibrosis 3) has been demonstrated. Recently, mast cells have been implicated in myocardial fibrosis of hypertensive hypertrophy, 4) ischemia-reperfusion 5) and postcardiac transplantation. 6) Progressive interstitial fibrosis is an essential component of left ventricular remodeling in patients with chronic heart failure.
Experimental autoimmune myocarditis (EAM) of rats mimics human idiopathic giant cell myocarditis. 7, 8) Giant cell myocarditis is a fatal disorder, often leads to heart failure or arrhythmias. 9) Dilated cardiomyopathy (DCM) is recognized as a significant cause of morbidity and mortality. Treatment strategies of DCM vary due to its diverse etiopathology ranging from myocardial infarction, myocarditis (bacterial, viral, parasitic and autoimmune) and pressure overload etc. Our animal model, a non-viral autoimmune postmyocarditis DCM with diffusely distributed fibrosis, besides being a cellular immunity and inflammation mediated disease 8, 10) offers suitable setting to investigate the role of mast cells in the development of fibrosis of DCM. To verify this issue we have used disodium cromoglycate (DSCG), a mast cell stabilizer in rats with postmyocarditis DCM, which decreased the myocardial fibrosis.
MATERIALS AND METHODS
Experimental Protocol Nine-week-old male Lewis rats (Charles River Japan Inc., Kanagawa, Japan) were injected in the footpads with antigen-adjuvant emulsion according to the procedure described previously. 8, 10) In brief, porcine cardiac myosin was dissolved in phosphate buffered saline (PBS) at 5 mg/ml and emulsified with an equal volume of complete freund's adjuvant with 11 mg/ml Mycobacterium tuberculosis H37RA (Difco Lab., Detroit, MI, U.S.A.). The rats were immunized with 0.1 ml of emulsion by subcutaneous injection into footpads. EAM morbidity was achieved in 100% of the rats immunized by this method. 8, 10) Rats become immobile from day 14. Six rats were died before day 28. The remaining rats were divided as follows: DSCG was administered intraperitonially at a dose of 24 mg/kg from day 28 until the day before sacrifice to one group of rats (group DSCG; nϭ17); while controls received saline as vehicle, (group V; nϭ13). Lewis rats without any treatment were used as agematched normal controls (group N; nϭ10). Throughout the study, animals were looked after carefully in accordance with the guidelines for animal experiments of our institute.
10)
Histopathology After 60 d of immunization, the rats were sacrificed and their hearts were isolated. The hearts were fixed with 10% formalin in PBS, and embedded in paraffin, and several transverse sections were cut from the mid ventricles, and stained with hematoxylin-eosin (H-E) and Azan-Mallory. Infiltration of inflammatory cells was examined in the H-E stained slides viewed under a high-power light microscope. The area of myocardial fibrosis was measured quantitatively by a color image analyzer (CIA-102; Olympus Tokyo, Japan), using the differences in the color (blue fibrotic area opposed to red myocardium) of the photomicrographs of Azan-Mallory stained slides. The results are presented as the ratio of the fibrotic area to the area of myocardium.
Mast Cell Staining and Quantitation Histochemical staining with toluidine blue was performed to identify mast cells. For toluidine blue staining, slides of paraffinized sections of the mid ventricles were dewaxed, rehydrated and incubated with 0.05% w/v toluidine blue for 30 min followed by counterstaining with 0.01% w/v eosin for 1 min. identify these cells. Mast cell density was quantified by counting the number of toluidine blue-positive mast cells per field (100ϫ). At least 15 fields were included from each slide for counting.
Western Immunoblotting for Transforming Growth Factor (TGF) b b1 Protein lysate was prepared by homogenizing left ventricular tissue in 1 ml of lysis buffer [8 M urea, 7 mM sodium dodecyl sulfate (SDS), 0.8% tritonX-100, 3% 2-mercaptoethanol, 5 mg/ml aprotinin, and 5 mg/ml leupeptin]. Then, samples were incubated at 37°C for 1 h, centrifuged at 15000 rpm for 10 min at 4°C and supernatants were stored at Ϫ80°C until use. Total protein concentration of samples was measured by bicinchoninic acid method. For Western blot experiments, proteins were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and identified with the primary antibody's, i.e. anti-transforming growth factor b1 (anti-TGF b1) rabbit polyclonal antibody and anti-glyceraldehyde-3-phospho dehydrogenase (anti-GAPDH) goat polyclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA, U.S.A.). After primary antibody incubation, bound antibody was visualized with horseradish peroxidase (HRP) coupled secondary antibody (Santa Cruz) and chemiluminescence developing agents (ECL Plus, Amersham, Piscataway, NJ ,U.S.A.).
Immunohistochemistry for Collagen-III Formalinfixed, paraffin-embedded cardiac tissue sections were used for immunohistochemical staining. After deparaffinization and hydration, the slides were washed in Tris-buffered saline (TBS; 10 mmol/l Tris-HCl, 0.85% NaCl, pH 7.5) containing 0.1% bovine serum albumin (BSA). Endogenous peroxidase activity was quenched by incubating the slides in 0.6% H 2 O 2 /methanol. To perform antigen retrieval, the sections were pretreated with trypsin for 15 min at 37°C. Blocking was done with normal serum. After overnight incubation with goat polyclonal anti-collagen III antibody (Santa Cruz) at 4°C, the slides were washed in TBS and HRP conjugated secondary antibody (Santa Cruz) was added and incubated at room temperature for 45 min. The immunostaining was visualized with the use of diamino benzidine tetrahydrochloride (DAB) and counterstained with hematoxylin.
Statistical Analysis Data are presented as meanϮstan-dard error of mean (S.E.M.). Statistical comparison between groups was performed by one-way analysis of variance (ANOVA), followed by Tukey's or Bonferroni's method.
RESULTS

Myocardial Macroscopical Changes and Myocardial
Fibrosis in DCM Dilated cardiomyopathic hearts were discolored and dilated in comparison to normal hearts (Fig. 1a) . The area of fibrosis in dilated cardiomyopathic hearts (group V) was higher than that of normal hearts (group N) (Fig. 1b;  Figs. 1B, A, 1d) .
Cardiac Mast Cell Density and Degranulation in DCM The mast cell density in the myocardium of group V was higher than that of group N (Figs. 1E, D, 1c) . Partial and complete degranulation of mast cells in dilated cardiomyopathic hearts was viewed in the midventricle sections stained with toluidine blue as shown in Figs. 1G, H, and I respectively, which was absent in normal hearts.
Myocardial Levels of Molecular Markers of Fibrosis in DCM Western immunoblotting showed an increase in TGF b1 levels of dilated cardiomyopathic hearts in comparison to normal hearts (lanes V and N of Fig. 2A respectively, and Fig. 2B ). Midventricle sections of group V showed stronger immunoreactivity for collagen-III than those of group N (Figs. 1N, M) . Association between Cardiac Mast Cell Density and Myocardial Fibrosis in DCM We observed co-localization or identical locus for toluidine-blue positive mast cells and fibrosis, with the serial sections obtained from dilated cardiomyopathic hearts of same sample. The serial sections from hearts obtained from DCM rats were stained with H-E for inflammatory infiltration (Fig. 1J) , for mast cells with toluidine blue (Fig. 1K ) and for fibrosis with Azan-Mallory staining (Fig. 1L) . Altogether it revealed that mast cells were infiltrated in the area of myocardium of DCM where fibrosis took place.
A positive correlation was obtained between % area of myocardial fibrosis and cardiac mast cell density. The R 2 value was 0.946 (Fig. 2C) .
Effect of DSCG on Cardiac Mast Cell Density and Degranulation Administration of DSCG reduced cardiac mast cell density in the myocardium of group DSCG in comparison to hearts from group V (Figs. 1F, 1c) . Both partial and complete degranulation of mast cells was absent in the midventricles of group DSCG.
Effect of DSCG on Myocardial Fibrosis and Molecular Markers of Fibrosis in DCM
Administration of DSCG reduced % area of myocardial fibrosis significantly in comparison to group V (Figs. 1C, 1d) .
Immunohistochemical analysis of group DSCG samples revealed a decrease in myocardial levels of collagen-III (Fig.  1O) . Immunoblotting for TGF b1 showed a significant reduction in its level with DSCG administration (lane D of Fig. 2A and Fig. 2B ).
DISCUSSION
In this report, we showed increased infiltration and degranulation of mast cells in rats with DCM in addition to an increase in myocardial fibrosis. Furthermore, administration of DSCG, a mast cell stabilizer, reduced myocardial fibrosis by reducing infiltration and degranulation of mast cells in the myocardium of postmyocarditis rats.
In the present study, the development of DCM in the late phase of autoimmune myocarditis after myosin immunization is apparent from the dilated and discolored myocardium. Myocardial fibrosis, the hallmark of DCM, is observed in dilated cardiomyopathic hearts as indicated by Azan-Mallory staining and increased myocardial TGF b1 and collagen-III levels. Apart from the increased cardiac mast cell density, we observed increased mast cell degranulation in the midventricle sections of cardiomyopathic hearts of rats. Previously, a significant correlation has been demonstrated between arrhythmias with mast cell density and degranulation in cardiomyopathic hearts of Trichinella spiralis challenged rats.
11)
The mast cell degranulation products are either proinflammatory, hypertrophic or fibrogenic in nature. Histamine, the principle mediator of mast cells, has been found to stimulate the proliferation of fibroblasts in dose dependent manner. 12) TGF b1, a marker for fibrosis is stored in mast cell granules, upon stimulation is released in active form 13) and known to modulate the phenotypic characteristics of fibroblasts and proliferate them, it also elevates collagen synthesis and deposition. 14, 15) Tumor necrosis factor a, a preformed cytokine stored in mast cell granules, is released from variety of mast cell preparations 16, 17) and is reported to induce fibroblasts 18) and participate in adverse cardiac remodeling of DCM. 19) Role of mast cell proteases in fibrosis has been documented in several other studies. [20] [21] [22] A significant correlation is obtained between myocardial fibrosis and cardiac mast cell density in the present study.
Administration of DSCG also led to the reduction in myocardial fibrosis as evident from decreased area of myocardial fibrosis with Azan-Mallory staining and reduced myocardial collagen-III and TGF b1 levels. Involvement of mast cells in the progression of myocardial fibrosis of DCM in rats can be further confirmed by the identical locus of fibrosis and infiltration of mast cells by the use of serial sections of midventricles of same samples with different staining.
The dose of DSCG was selected from a previous report in which the same dose prevented cardiac remodeling in rats with aortocaval fistula. 23) Since myosin immunized rats with EAM develop DCM from day 28 of immunization, we have decided to start the DSCG administration on the same day. In the current study, we have not planned to explore the mechanism of stabilization of mast cells by DSCG, the reduction of degranulated mast cells by DSCG is consistent with other studies. 24, 25) DSCG is known to stabilize the membrane of mast cells, thus prevent the degranulation of mast cells. Once mast cell degranulation is prevented, the release of various mediators is also inhibited, ultimately leading to reduction in chemotaxis, inflammation, fibrosis and other remodeling process in the myocardium. With long-term DSCG treatment the inflammatory milieu is getting reduced hence the reduction in mast cell numbers was observed on day 60. Generally it is believed that c-Kit ligand released from macrophages and mast cells recruits and activates the mast cells to cause fibrosis. These explanations may fit into the current situation because the mast cells are localized in the area of fibrosis and inflammatory infiltration.
Thus, it can be suggested that inhibition of mast cells may be useful strategy to prevent the pathological remodeling such as myocardial fibrosis in postmyocarditis DCM. On the contrary, another report alerts the occurrence of phenotypic shift in mast cells of DCM hearts with long-term mechanical support, 26) by which the fibrogenic content of mast cells was reportedly reduced. It may explain the healing property of mast cells in the chronic stage. On the other hand, similar to our study, a report from Hara et al. demonstrated reduction of myocardial fibrosis with tranilast, another mast cell stabilizer, in a pressure overload model of heart failure. 20) Involvement of mast cells in viral myocarditis induced heart failure has been described previously. 22) However, this study may be the first report to elucidate and confirm such notion with the use of mast cell stabilizer and co-localization of mast cells in the fibrotic region in a model of postmyocarditis DCM. Myocardial fibrosis has been widely implicated for the diastolic dysfunction in DCM. Thus, finding out new therapeutic approach to prevent the progression of myocardial fibrosis of DCM based on etiopathology and pathophysiology seems to be sensible. From this study, it can be concluded that mast cells have a significant role in the pathogenesis of postmyocarditis DCM especially contributing to the progression of myocardial fibrosis, thus the treatment strategies based on mast cells appear to be promising in these conditions.
